Abstract. We present a three-dimensional ( 
Introduction
The Woodlark Basin is a small ocean basin located between the easternmost Papuan Peninsula of New Guinea and the Solomon Islands in the southwest Pacific (Fig. 1 inset) . Orogenically thickened crust of the Papuan Peninsula has been stretched and separated by westward propagation of seafloor spreading in the basin since at least 6 Ma [Taylor et al., 1999a] . The western Woodlark Basin provides a rare modern example of continental break-up. It is one of the most seismically active continental rifts and has the highest extension rates (~3 cm/yr, ibid). Focal depths for teleseismically recorded earthquakes near the transition region between continental rifting and seafloor spreading are shallow (<10 km), and focal mechanisms for a number of these events permit normal slip on planes dipping at low-angles [25-35°, Abers, 1991; Abers et al., 1997] . Studies of other extensional systems have proposed that low-angle (<30°) normal faulting can accommodate large amounts of extensional strain; yet this hypothesis violates classical theories of frictional slip on faults [Anderson, 1942; Buck, 1988] .
To investigate further the spreading/rifting dynamics in the transition area, and to help resolve the low-angle normal faulting paradox, an onshore/offshore seismic experiment was conducted in 1999-2000 in the western Woodlark Basin utilizing both passive and active sources. One of the primary objectives of this experiment is to accurately locate the abundant microseismicity and determine if the earthquake hypocenters delineate a shallow dipping fault plane previously imaged by seismic reflection profiling [Abers et al., 1997; Mutter et al., 1996; Taylor et al., 1995 Taylor et al., , 1999a . To accomplish this requires an accurate 3-D velocity model. In this paper we present the results of a tomographic inversion for the 3-D velocity structure using first arrival traveltimes recorded from airgun blasts.
Study Region, Experiment and Data
The seismic study is centered on the easternmost rift segment, adjacent the spreading tip (Fig. 1) . Goodliffe et al. [1999] provide a summary of previous geophysical studies in the area that include the collection of complete bathymetry (Fig. 1a) , acoustic imagery, magnetization, gravity and multi- January 9, 2001 channel seismic (MCS) data. A simplified N-S cross-section (Fig. 1b) shows the primary structures and stratigraphy inferred from seismic and drilling data. The active rift is an asymmetric graben bounded by a 27°±3° north-dipping fault and an antithetic fault dipping 45° south. Drilling into the footwall fault block (Moresby Seamount) as well as into the northern margin recovered dolerites and gabbro similar to the Paleocene-early Eocene island arc ophiolite that forms the regional basement [Taylor et al., 1999b] . Prior to our study, crustal structure estimates for this region were based on a vintage seismic refraction experiment across the Papuan Peninsula [Finlayson et al., 1977] . Crustal thickness was estimated to be 20-24 km beneath the eastern Papuan Peninsula.
We deployed an array of 20 ocean bottom seismometers and hydrophones (OBS/Hs) over an area of 30 km × 30 km (Fig. 1) . Six instruments failed to return useful data. The remaining 14 instruments Salote. Shot-receiver offsets were limited to ~65 km. A total of 31,421 first arrival picks were made; uncertainties of 40-125 ms (average=70 ms) were assigned based on the signal-to-noise ratio of the data in the vicinity of the pick. Figure 1c shows the data from shot line 5 recorded at OBH Iwo Jima.
First arrivals on this section can be observed to offsets of 50 km. The relatively early first arrival times in the south echo the shallow bathymetry southwest of the Moresby Seamount.
Method
Our objective was to derive the smoothest model overall which provides a normalized χ 2 misfit to the data of 1. To derive the 3-D velocity structure we used the first-arrival traveltime tomography method of Zelt and Barton [1998] , with modifications to minimize the size and roughness of the perturbation from a background model. This method is iterative and requires a starting model; new ray paths are calculated for each iteration. For the forward step, traveltimes are calculated on a uniform (0.5 km node spacing) 3-D velocity grid using a finite-difference solution to the eikonal equation [Vidale 1990 ], with modifications to handle large velocity gradients and contrasts [Hole and Zelt 1995] . A cell size of 2×2×0.5 km was used for the slowness grid in the inverse step. Model dimensions are 94×86×15.5 km. Unless otherwise specified, depths mentioned in this paper are relative to sea level.
The modeling and resolution analysis follows very closely the procedure described in Zelt et al.
[2000], and thus for brevity we outline only the key steps. moving the shots to the seafloor. The root-mean-square (RMS) misfit for the 1-D starting model was 354 ms (χ 2 =40). To quantitatively assess the resolution of the data, we performed checkerboard resolution tests and used the results of these tests to generate maps of estimated lateral resolution at each point of the model using the method described in Zelt [1998] .
Results
The final model was obtained after 11 iterations and provides a RMS data misfit of 63 ms (χ 2 =1).
The available shot-receiver offsets restricted the maximum depth of ray penetration to about 14 km.
Horizontal and vertical slices through the final model are shown in Fig. 2a, d and e. The results of a checkerboard resolution test (Fig. 2b) show that to a depth of 10 km lateral velocity variations in the order of 10 km are generally well-resolved. A suite of checkerboard resolution tests was used to derive a map of lateral velocity resolution (Fig. 2c) [Zelt, 1998] ; resolution is highest (generally better than 10 km) in the vicinity of the OBS/H array.
The velocity structure is, with a number of exceptions, broadly two-dimensional, trending eastwest. North of Moresby Seamount, an east-west band of shallow low velocities represent rift basin sediments. The tomographic model depicts the sharp rift basin boundaries seen in the MCS data ( Fig.   1b) as velocity gradients. Nevertheless, in the corresponding vertical cross-section at x=52.5 km (Fig.   2d) , the model clearly delineates the boundary between the high-velocity seamount fault block and the rift basin sediments at depths <5 km. Further north (y≤40 km), isovelocity contours dip consistently northward (~10°), as do strong intra-basement reflectors observed in MCS data [Goodliffe et al., 1999] . In the northwest (x=40 km, Fig. 2d ), there is a thick (5-7 km at y=10 km) Miocene forearc basin [Fang, 2000] . Near-upper mantle velocities (7-7.5 km/s) are reached at depths of 10-14 km within a narrow east-west zone along y≈40 km. We have no velocity control below this depth but we speculate that upper mantle velocities may occur within a few km, or at a minimum depth of ~15 km beneath the center of our study region. If so, crustal thickness is at least ~13 km at y=40 km and, following the ~10° north-dipping trend of the isovelocity contours, crustal thickness may increase to ~20 km at y=10 km. This crustal thickness compares favorably to the intra-oceanic
Izu-Bonin island arc [Suyehiro et al., 1996] . In contrast to this and oceanic crust, however, relatively low velocity (<6 km/s) rocks comprise a far greater fraction of Woodlark Rise crust. Given that mafic rocks with lab velocities of 6 km/s have been drilled in four locations within the ophiolitic basement of the study area [Taylor et al., 1999] , we infer that fracture porosity is responsible for the velocity reduction. the 8 km/s material extends deeper, or whether we are imaging an anomalous high-velocity crustal layer. Integration of our findings with results from regional studies using the land based seismic arrays will allow us to resolve the nature of the velocity anomalies.
Conclusions
We have derived a 3-D crustal velocity model for the easternmost rift segment adjacent the spreading tip of the western Woodlark Basin. The velocity model images the rift basin, the southern footwall fault block (Moresby Seamount), and north-dipping ophiolitic crust to the north.
Anomolously-shallow upper mantle-type velocities occur in the western part of our study area and south of the western-most spreading center. Apart from these anomalies, upper mantle velocities are not reached in the model, but high (7-7.5 km/s) velocities near the center of our model lead us to speculate that the Moho is at ~15 km depth just north of the rift basin, and possibly dips at ~10° to the north. Basement velocities are generally lower than expected for normal oceanic crust or in comparison to Izu-Bonin island arc crust. The velocity model will be essential for locating the abundant microseismicity recorded during the 6-month OBS/H deployment in this active rift.
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